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Table 1 Statistics on the depth of cultivated horizons in Jinshan commune, Wu Xian, Jian-

gsu province

HENE (cm) AR EEHERK a5 %
Number of different depth
Depth of cultivated horizon of cultivated horizon % in total number

10—13 84 50.6
13—15 69 41.6
>15 13 7.8

& 166 100

Z BEYERIT Ry B B A

AW AETR=HLUE, 7R HT R4 uREAFLAFIENS) &FR L,
BB T MR, “R B REHERARAKR. RITYH 1965 £ 1977 FHE
[EJRIUHA AT E » B L A O DX 5 i SE X = e > T S [ R e o

(=) BBLMERBL

BHE L RO R L ARG A0S 5 70 R - 390 B 2Rk 0 5 o T S AR, (56 3
Rtk R , A HES R o LU A M X A0 S T8 £ kUi, NSRRI 88 M 3676 IR AR
HAERAK(1—0.05 BXR)EREEIRER TS 2—5% (B MAHURARKIREL) o8
IS, XBMARKOBBEIABIR D RITYEH 1965 £5 1977 FHHIAISHIN T

SRR, X — X R R L TURARR DL, MEARGSBEEHBAES, BHAT

HIE LA R (1—0.05 BXOLLBHIGE L 10—20% , B H/GHEE LAHKR(<0.01 &
KF1<<0.001 BA)FLL B HIATEFME 2)o RBELFHBRERWIREEZLIT O,
ERPE, P <001, HHXEELHAREKSE BRI 8 M/NSR BT,
FERGIN=FIT , WK B A A R TR S 40 84 40/ N, T ZE FLAR, B 1
WA, TATRKSE, R L EORERE, MERRGBEBROER, EELESEY
—EHEA, T EBERE AR RN SR NmmEMm. ATEHEX
RE(r) 50697 (P<0.02); J§E r = 0.635(P < 0.02), My =1.209x — 1.845 gyil

D) RENERTNF TR LNGEA, 1965 KEMXARL R ER RS L MR EER. (RTIRD
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PRHBARE, LEMN SR 18—30% ZEAHEA, SN 1 % KK, 73 €498
B 1.2 AF/EX W 4% 80kk, MR ESREE 5 AFF/EXK, HHRITEBRE Y
A>ERTHABH—MRI, BiRATSERER, SHEML, RN 81— RS
MBS FRNEYEIE, I LEREWR RN RRERE,

%2 pMNEIRB|ASIEER (LH%)

Table 2 Distribution of soil particles before and after converting into triple—cropping system

. a SURER (R@: mm) ERGAR (R iE: mm)
Mechanical composition Aggregate composition
frem 1—0.05 |0.01—0.001 <0.001 1—0.05 |0.01—0.001 <0.001
B # v
(1965 £ FERH)
Before converting into 3.3 28.0 24.8 24.3 20.5 t.4

triple-cropping system
(sampling at spring, 1965)

o =
(1977 £ HRH)
After converting 1nto 2.1 28.5 24.8 © 12,8 26.7 4.5
triple—cropping system .
(sampling at spring, 1977)

I PTHESER 12 4, Note: There are 12 analyzed samples.

SRERBET R HMHEE A &H — BB , KB FTRX S B % UG » i TR &4 £
FREXR, T HERNRBR I, AT E AR —H, R e T ARG ESBRER L,
TRENEEE (R 3)o RITYEXRBEAREI0 X 10 X 15 BERWFR L, #T
AKBRAERRE.EEK 55 KX, B *“Rb EHENERARELENNT Ho WELR
2, HRFNERELE 0— EXMEPORELERENNS, SRES0RRE 9%,
M4EBERNN 5%, BE. SERUREKRNYT . #EHREHFORE L TENRE
+ (F4) ‘

B3 HEARELHERER

Table 3 Characteristics of investigated paddy soils

5 z i Eh(mv)*
I P m(if Tﬁsaiﬁ TEX k|2 ® . if“” BB
soil |(<0-0 (S/cm? (%) | (o) | () 015 [ISEXL percolation
Locality truct mm) | Compressive Arll:or- cm) TEE | rate (mm/
structure Clay strength gc:’o“: oM Total N Sul’f.alc(' 0 }icllgc":n day)
sol
%%ggfﬁ?‘* i | 29.2 23.5 219 | 3.19 | 017 | 202 | 220 7.8
REXHF®E
A P=EA F B z 26.8 35.1 1.74 | 2.97 | o.16 214 133 1.5
(m#HEL)

* A19784 6 A 22 RIEEHMANE, & 10 MERNEHM.
** 19784 8 A 15 REHANE, R 10 M EFHFHY.

* Determined on June 22, 1978 under field condition, the numerals in this table are mean values of
ten repetition.
** Determined on August 15, 1978 under ficld condition, the numerals ditto.
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Fig. 1 Distribution of solid, liquid and gas phases in soil profile



2 ® B% SERANLIMELNER 107

T4 KEBHEKBEBIHREER

Table 4 Agronomic character of the top of rice plant

g in 5 & &
+ b: | %miﬁﬁ Tillcrinf number Iﬁiﬁ(hc?g&zt ﬁeigilit p(lzxz
Sot
Seil type wucre | B OB | Mm% | £ o8 | Mm% | £ o8 | #me

Mean value| Increment [Mean value| Increment [Mean value| Increment

REREATHED 14 2343.2 13 3543.1 6 5.7240. 61 26
RARHMFEE N _ ~
NP # 20+1.7 3342.4 5.294-0. 68

: RPHEBEREHENIREE,

Note: Numerals in this table are mean values and standard deviations.

(=) LHRBEIR

ATRER=HATE LB ERI IR f1E 5, RITYEE 1965 R 1976 F LA K
L HEOS T ERETHLR. ML EAFE RN EASE BN 20—22%), #0O
BEARTE, tHEREAREHNESRREN, LRERELMBREVHWRKENK L
AR SRS RIS Z (B 1o 18 1965 R IE R, DMBE G40 EXONBE —&
BeBESILER, M 1976 FRFTAFAOREA,HELU T A RAEERNBIILRER L. &
ERIMNYBHES. RESHINMREBIREENRHETET, BSAKWFHER
0.9% (kR %), T REALAE PRI RENTER. UEBHETELAH (1976 %4 A
RAETEEBRRE, SMKEA 10 MRBEHE), SHRHEBRE Ko (EKHE
BE)EMsRA 1 BXUT@E 2),

Percolation rate ( Kjymm /min )

Tk Ko #X / 9)
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§g4o )
32‘ Eg thd

60 .

76—1 kA 76 —2 RE¥M 76— 3 K=KH 76 —4 £W
Féllow field Milk vetch field  Milk vetch field Wheat field
B2 EREIEENHLERKEE (K. BBXK/D)

(1976 % 4 R BENE)
Fig. 2 The percolation rate in different horizons of paddy soils during dry season (K,,mm/min)
(Determined under field condition in April 1976)
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YreoiE b , T BB BN FR 5 R BERL IR B e
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() LBAIERER

RS SR KENERER T BYERRESNEZRR. LETRI 1976
FEE RIS ELHEFWE RS SR, FREFERERRZXER, LBHER
MEKREE 0% (ER)U L, BRFARRBITHRAUESKE, AZHREANK(RERE
KREEE), HERTABAI RS, ETHREANBRSKRES, 2K &R
FHDEKR,. MARZBKEXEE TR KE™ (% S5). BHit, tEPETRTTE
&, RTZURRFERFTLTOTRIE.

%5 WELBKGIEM (1976)

Table 5 Moisture condition of paddy soils

SAR(ER%) SKR(KE%)

HERSHREX Soil moisture HERERER Soil moisture
(cm) content (weight %) (cm) content (weight %)

No. of profile No. of profile

and horizon BRASKE H a4 K B AR and horizon BRAKE G Y& o BESETS
depth Natural Ficld Saturated depth Natural Field Saturated
moisture caplacily moisture ‘moisture capacity moisture
content content . content content

76-1. 0—12 31.0 42.5 45.0 76-4s 0-—13 40.6 45.5 48.9
12—-22 41.0 43.2 44.6 13—24 33.4 35.4 37.9
22—50 31.4 37.2 38.0 24—50 32.3 33.9 34.8
50—57 26.1 28.1 34.0 76-5: 0—12 20.6 42.4 45.1
57ELF 26.5 28.8 29.7 12—26 34.6 35.7 37.5

76-2. 0—12 37.0 42.6 44.6 26—47 28.4 29.3 30.4
12—24 34.8 36.3 37.3 76-8. 0—15 24.1 39.4 45.0
24—40 30.1 31.7 32.4 15—30 32.4 34.2 35.1

76—3. 0—13 36.8 45.8 48.8 30—47 24.5 26.4 29.5
13—26 41.7 43.8 45.7 - - - -
30—34 26.4 27.9 29.0 . — - - -
34—53 32.4 33.7 34.8 - — ~ -

26 TRAFHRELHBEPERE Fe.0, SR (¥¥5%)

Table 6 Contents of amorphous Fe,O; in plough horizon of paddy soil in years 1965, 1977 and 1978

B 5 . 1965 % 1977 5 1978 & 2

Fetility Spring, 1965 Spring, 1977 Spring, 1978
Hﬁh 1.90(9) 0.58(6) 1.86(2)%*
B 1.66(9) 0.45(6) 1.58(2)

* KIBEBIBEG ESAMFRSTREN.

* B ERENRERRVABLHBPEEE Fe.O0, IREE1% U E,

* Extracted by Tamm’s solution. The numeral in brackets is number of analysed sample.
** Content of amorphous Fe,O, in the other paddy soil types sampled in 1978 is above 195.

EABERYA, THERLETRAKE, OEBNIBHERREQTRER, W
HHTRESAROTEL, Rk AKEREKBEARKNER. tHHEEEEHHIR
xR, U B e LA @ STLBRETERR . BUHIAT, 1965 F A hEK D RGBT, £ 8L
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HHBESKGHTLHMBEPEERE Fe,0. WREERS , LE—BEM. BH/E-EhAD
SREZH—F . RTERKRMEFLER FaO, HRRABMD, LHEESL, 1978
FEHTLAFESEFINTR, THBSILBES , TEF Fe0, WRRFME , HEL 1965 F
IR RIK (R 6)o FHESETER . ANAMNTRIFEBNOER, BN HERHBESILR,
REEHZN THFTHLETRMERESILIRHA M. BOWER, 1£1975—1977
F, ZHTFNERINBSIRKRS A 5—10%, MEREN LML <5%, BT 1978
FEXFETREHITFHTEEBSIRE >10%, SHEQ T HE 5—10%,

=, BHER SRS FIHBX R

BHESIE RO, hEHEEDN + EREK DR NERFI M. BERMNMEN
HRERUBRRAETRU To

(=) TBEROHFHFA

7= 1000 FFRR, 3 54 AT R BEOR B 5 B0 R8RS 5 — 2 (£ R 2% 900—1000
FERRE T KR#ES Y, RENES KT SIS INEE), HE, B
KB KIS, MERE KL BRENT R XERE, Bit, RRS~Hx TR E
Rk (57.8%) thattL¥mE (759 %) REBE Y, HiZ 2  HREMNER, HARES
HABORERR, ‘

LHEN=HE, T HEENT SR 5K BRI E 2 R b AR B B R,
R A BRI B o IREZE S, 1R L o TR (LR KRN 5%
78 Ay, SHEBES L REERKARRENN HEYS N, BfEERRARER
LEEBRS TR, BERAENNEBNBEES. WE3 XE . EEBVEKIR S,
HEATHEANBEBEREARH RO Fo 7E5 B8R B, BT 4 SR MK, TE G
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=4
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AR (°C)
Mean temp. of ten days(°C)

N~
/\/

B b (=2 @©
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o

The total supply of soil N( N, jin/mu)
SHHR (N, T/H)

i . 0
26/ 5 5/77 7,8 6/9 6/10 6/11
H# (B/A)

Date

3 EREXRIMAXRDLNE

(HIR 4 ¥ KX, 1976)
Fig. 3 The total supply of soil N in no-N plot (Micro-plot—4m?, 1976)
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B¢ AEREXIHREDENERKBREEAERS SN %
(HARERR,MERA—~HS 29 EXGHHEAREA LS, SHNERAHNTHZ—8)

Fig. 4 The total supply of soil N and the percentage of N-uptake by rice plants in no-N
plot (Micro-plot—0.0001mu)

ALERBR XA R E R EBNREARGER, AR ROHRMNTRTEEN
R, BTHREMERRE, SEEL8H, HREARNT LR, HiNERNER

BRD, 3ZNBRENEMESSERE, HARPHMMNIBESREE. #E%H, BElR
BREENSZR BN 1% £46, BREERE 1.3% UL, IASEEBRESAE
(053%) WFRE, AERREREARMMNT, XY —BREEXETREBENRAR
BERZMAEBAWSIERENEERR 2 — (S SR FREE SRR3R
o MEAKERNR, FEERREZESHN 55.1£5.9 FEA/T N, n = 23; X XE
R, MR K 47.4%6.3, n =29, H B HEMIBBMEZRORD KB (ERREELKR
LA REANEERIREEN 44209 [T, n=4; HENEBLENREF 25 + 04 7,
= 3),

REVNSIARER, TRERRMFHBEEWLHMERF CIBNEEREYY, %
M2 SRR 3, KRR OR LB AR, Mo KRB B (L BT B i B S A R I th 218
(B )Y, X RENGERELEhELE N, SRt 20 85, ABIRAN
1 R B8, MiTn M B A R B IR FOEMERN T, WFERBTHNEEFR

1) kIR EMB S, 1963—1964 R FIB M.



2 R BS: BENNISENNER 111

MRENBIRIE R Rt EERERMMMEN L8 E, RBE RIUPR R HERZHN
FRELEHFRARENTEE IR, KHELEEHREE, RAFTEENARE
Fo

(=) AHEEHBOFRAA

FMNHXEHOFNETEER BB EZE S8 KEKLE, MNP EEN
EREMHOBARFEKER DRE, AIUEHER S IARRY 20% £4. EEFIA
AR = BEMEARMFERE, R =H AR /DR E R, RN Y%
ZE MR RN ERERE, KSR BRI A0 AHERREBRREE, L7
EREREBRFHHARFAGZEW, FEERBRD, BEEERENTRIEEXE
SHLEIFE, ANEHARAESS, FMRERIIEXE (Bs). HELSL
BEROBRBIE—H, £7 AR THN s BHNAERBE, ARNOR KR &R ¥

T HMHE 1978 FRBEFDART WK (N /i)

Table 7 The nitrogen balance sheet in the agricultural ficld of Suzhou district (jin N/mu, 1978)

B A % m
N input: N output:
{LFERR 32.8 1374 F7 27.2
Chemical fertilizer Harvest
SRR L, 2 0.2
Symbiotic fixation Leaching, runoff
REE 1.6 R +NH, 2%
Milk vetch Denitrification 4 Volatilization of NH,
& Fises 0.3 ﬂ:#ﬁ(}]ﬂ 16.4
Azalla Chemical fertilizer
L E # e 1.1
Nonsymbiotic fixation n. d. Organic manure
KEZR 0.2
Aquatic plants
WEEE 1.5
Rice straw
A %R 1.3
Night soil
%R 3.8
Pig manure
W F 0.9
Seeds
K 0.4
Irrigation water
- 3.1
Precipitation
A it 45.9+7? 44.9
Total *

i EEANKTASDERS, 1978; LilFiR, 1645 1 4, 81—84 I,
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i Milk vetch
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N300 ®3/3AF L 5 A14B @A)

Fig. 5 The N release rate of azolla and milk vetch (Early rice in pot
exp. N applied-—-300mg N/3kg soil, waterlogged on 14, May)

£0, XWHRKEEEN. HEHBOCH BRERBROUN R, EREEARKRN
THE, —BLERAEIERERET., ERENEREXH, HRAETHAR, £
E(800 F/EUTOHERT , AHEHRNXMAREERHTAROERN, LR+
EZNORER. mERE =TT, AL A X R R A ER SRART (IR
— L RAEHEEBRERNER, H G5 E5HRHE, EKEEMAR Y, ST AR
j]u[.ﬂ]o

() LERHFERAR

TR XA R F KR )P, LEE S SR A BB AR X 60—70% , 1%
B =M B RS ERYamEERERT (BRE. RR) NEERE)
B (EERERENE, > BEREE) X5, AEOR AR, MERB—F LA, KRER
BEsE R RN, RIEEF AR, BOBRRRRO—M+AARORERATE. BR, w6
PR, KRB ENREGE TRBRERRES, HARELEAEZNTE T, &
PBE MRS, BT RN EREROER, FIE D2, HR R, %
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EFFECT OF CROPPING SYSTEM ON THE FERTILITY
OF PADDY SOILS

Y. Hseung, Xu Qi, Yao Xian-liang and Zhu Zhao-liang

(Nanjing Institute of Sosl Science, Academia Sinica)

Summary

Soil fertility is the quality that enables the soil to provide and regulate the nutrients and en-
vironmental conditions favourable for the plant growth, and it includes all the physical, chemical
and biological properties of soils which are closely related to the growth of crops. The fertility
level may be taken as a criterion for the productivity of soils; and the combination of reasonable
utilization with proper management of soil may be the only way to maintain and promote the
high level of soil fertility. ’

There are two ways to increase production of grains without increasing cultivated area.
One is the reinforcement of land productivity through technological innovation, and the another
one is the further intensification of land use through double or maltiple cropping. However,
a cropping system must be suitable for its special natural environment and definite condition of
social economy. The cropping system must be various in different soils. A favorable cropping
system is also a good measure for the enhancement of soil ferulity.

In the southeastern part of China, rice is usually planted in the low land and plain where
the winter wheat in double cropping system is not grown quite well due to the poor drainage.
In this case, triple cropping system (wheat-rice-rice or green manure-rice-rice) changed from
double cropping system (wheat-rice or green manure-rice) will prolong even morc the period
of submergence and therefore a hanging water gley layer (pseudogley layer) is formed in the
plowed sole layer. Furthermore ploughing and harrowing in submergic condition will induce
the soil to be more compact and harder after dryness and the fertility will be depressed gradually.
The cropping system in relation to the morphological, physical and chemical properties of the
soil are discussed in this article.

I. Shallow and compact plowed layer and hanging water gley

Thinning and compacting of the plowed layer of soils have become a gencral problem
as a result of long term practice of triple cropping system. The main reason is the long term
waterlogging of the soil due o two harvest of rice annually and leaving no time to plough
up the soil in drained condition. Therefore, the soil becomes more and more compact and

-
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rigid gradually and the plowed layer turns thinner increasingly. According to the investigation
in 1959, the depth of plowed layer of paddy fields in the area of Tai-lake was generally be-
tween 15—17 cm; but recent investigation showed that the depth remained only two thirds of
its former depth. Thinning of plowed layer means less nutrients for crop roots, and thickening
of plowpan implies the block of percolation and usually induces waterlogging of the soil.

The hanging water gley horizon is an undesirable structure which prevents the circulation
of water and air in soil. With such a horizon, upland crops can not have good yield, rice
seedling will be slow in turning green after transplanting, and even becomes stunted.

The diminishing of iron-humic coating and the occurrence of gley horizon in plowed layer
indicates the deterioration of soil. In 1959, the rice soil with iron-humic coating which is
regarded as the main soil of high productivity amounted to 20—30% of their total area, now
it has been reduced to less than 10%.

II.  Deterioration of soil structure and decline of permeability

It is found that soil becomes compact, creamy and sticky after widely practising triple
cropping system. One of the important reasons occured in this change is destruction of aggre-
gates in plowed layer. In comparison with the results obtained before practising triple cropping
system in 1965, the data obtained under the triple cropping system in 1977 showed that the
content of micro-aggregates (1—0.05 mm) in plowed layer decreased by 10—20% but the
content of finer particles (0.01 mm) increased above 10%. Because of the deterioration of soil
structure, the soil was turned into stickiness and glutinosity under submergic condition, and
compactness under dry condition. Experimental results showed that within the certain range of
the regression line, the compressive strength of dry soil clods increased 1.2 kg/cm? per 1% of
clay increase. Compacting of soil clods not only embarrassed tillage of soil, but also prevent
the plant root from normal growth in soil.

The another defect of increase of finer particles is the sharp decrease of soil pores which
are filled by the fine particles. Compared with the data obtained before the practising of
triple cropping system in 1965, the results obtained in 1977 showed that air-filled pore in
profile, especially in plowpan, was greatly decreased. Before the practising of triple cropping
system there were some, though not so much, aeration pores in plowpan, while after changing
to triple cropping system, its aeration porosity remained only about 1%, and it was easily to
become glutinous and puddling. The permeability of water in soils was decreased apparently
just because of the reason mentioned above. Results obtained in wheat fields showed that the
rates of permeability (Ky,) in plowpan were generally less than 1 mm/min (K, means the
rate of permeability measured under the water temperature of 10°C).

In Tai-lake basin, currently, the water capacity of the paddy soils is considerably high in
spring, even in the droughty spring of 1976, most of the moisture contents in plowed layer of
winter fallow fields or milk vetch fields were over 30% (weight), while the field water capa-
city of this layer approximated to saturated water content. This indicates that the plowed layer
may so easily get to saturation as soon as a small quantity of water enter the soil either from
the rainfall or irrigation. Below the plowed layer the natural moisture content always approxi-
mates to field water capacity, and the field water capacity approximates to the saturated water
content of soils. The excessive moisture in soil rules out the possibility of alternative change of
drying and wetting process in soil, by which the good soil structure is formed. It is also un-
favourable for tillage and easily induces the soil getting puddling after ploughing and har-
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rowing under submergic condition.

III. The efficient utlization of nutrients

In comparison with the late-rice in double cropping system, the amount of soil nitrogen
mineralized during the growth of early rice in triple cropping system was considerably lower,
owing to its shorter growing period together with a colder climate in its early stage of growth
(from the middle of May to early June). The percentage contribution of soil nitrogen to the
nitrogen absorbed by the single cropping late-rice (75.9% ) was significantly higher than that
by early rice (57.8% ), and therefore heavy application of chemical nitrogen fertilizer, especi-
ally at its carly stage of growth, is indispensable for high yield of the early rice.

The investigation of the nitrogen mineralization pattern of the paddy soil in situ showed
that an abrupt increase of its mineralization rate appeared in August, which could just meet
the need of single cropping late rice for the available nitrogen at the stage of panicle differen-
tiation, while in the case of early rice, the situation was quite different. During its early
stage of growth, a lower mineralization rate of soil organic nitrogen was found in paddy soils,
of course, it could not mawch the urgent need of available nitrogen for its rapid growth at
that stage. In contrast, at its later stage of growth (from the end of June to early August),
the higher mineralization rate usually gave a higher nitrogen content in straw and a lower
percentage in grains. That is to say, after converting double-cropping system to triple-cropping
system, the nitrogen mineralization pattern of the soil can not match the uptake pattern of rice.
The situation was found even more severe in the poor-structured soils than that in the well-
structured soils, since the mineralization rate of soil organic nitrogen and the uptake rate of
‘the mineralized NH~N from soil by rice plants in the early stage of growth were lower in
the former than that in the later. This inconsistency in coordination between nitrogen supply
and demand greatly influences the efficient ualizaton of both soil nitrogen and fertilizer nitro-
gen by the early rice.

The common character of the slow release of nitrogen from organic manures applied in
this district has limited to practise the high-yielding culuvation in the triple-cropping system.
It is evident from the nitrogen balance sheet of the whole district that the contribution of
organic manure to the total income of nitrogen is less than 20%.

Ammonium bicarbonate and urea were the major nitrogen fertilizers applied in the year
of 1978, and it was revealed by the field experiment using N-labelled chemical fertilizers
that the percentage recoveries of ammonium bicarbonate and urea by rice plant were only
about one-fourth to one-third under surface-broadcasting or mixing with the soil at transplanting,
while the nitrogen losses amounted up to 40—54%. Although the decp placement of am-
monium bicarbonate or urea was most effective in improving the udlization of fertilizer nitrogen
by rice plant and prevendng nitrogen losses, the uptake of fertilizer nitrogen by rice seedlings
at the early growing stage was considerably delayed, especially in poor-structured soils.

As a result of deterioration of soil structure, the root extending rate and hence the phos-
phate uptake rate of the early rice were significanty retarded at its early stage of growth, this
is partly responsible to the stunted growth of early rice at that stage.

Pot experiment also showed that the ability of carly rice to exploit the slow-release potas-
sium of soil was considerably lower than that of single cropping late rice. Furthermore,
drainage in the middle growing stage was favorable to the uptake of potassium by early rice,
but the lower percolating rate of soil, together with a much shorter period suitable for drainage,
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restricted the decrease of soil water content to an expected extent, and the beneficial effect of
the drainage was thus limited. Those mentioned above are the factors that lead the better
response of rice to potassium fertilizer in the triple-cropping system.

It is concluded that although the triple cropping system of rice-rice-wheat, as compared
with the double cropping system of rice-wheat, has a higher potentiality of productivity, but the
low efficiency of soil-N, and fertilizer-N as well as the limitation of the effect of organic
manures will restrict to acquire high yields in triple-cropping system, and the consumption of
nitrogen, phosphate and potassium fertilizers are significantly increased.
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